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In the previous paper (Sandan, 1955 )1), the author reported that an isolated internodal cell of Characeae was able to grow and develop a new shoot and rhizoids when it was cultured in agar gel with suitable culture solutions.
Furthermore , the effects of auxin, vitamins, fat solvents and other reagents upon the morphogenesis of the cell were also observed (Sandan and Ogura, 19572) ; Sandan, 19583) ). The present report deals with the effects of amino acids, adenylic acid, gibberellin and colchicine on the morphogenesis of the isolated internodal cell of Nitella in vitro.
Material and Method
In the present experiments, an isolated internodal cell of Nitella jlexilis , which was 3.0 cm. in length and 400p in width, was used as material. For the removal of fungi, bacteria and protozoa, the materials were kept for three or five days in a Petri dish filled with distilled water containing such antibiotics as penicillin (200 units/ml .), streptomycin (0.03 mg./ml.) and trichomycin P tablet (0.08 mg./ml.). Then the material was cultured in the vertical, normal position in a test tube filled by half with 0.6% agar gel according to the method described in the previous papers). In the present work, solutions of amino acids, 3-adenylic acid, gibberellin i and colchicine in various concentrations were used as culture solution and Sorensen's phosphate buffer solution (M/100, pH 6.6) was used as basic culture solution (control) in all cases. As to the effects induced by these reagents upon the morphogenesis of the cell , the author paid his attention to the next two points: first, the effect on the formation of a shoot and rhizoids from the cell, and second, the effect on the elongation of the shoot and rhizoids which were newly formed. The former is represented by the time required for the material to shoot and to form rhizoids after it was brought into the culture medium, and the latter is measured in terms of the length of shoot and * Biological Institute, Kyoto Liberal Arts University , Fukakusa, Kyoto, Japan.(S'r' f ** Crystalline gibberellin manufactured by the Kyowa Fermentation Industry Co ., Ltd.
rhizoid 15 days after appearance. All experiments were carried out at room temperature under diffuse light of about 80 lux.
Results

Effect of amino acids
All amino acids so far used, except lysine and phenylalanine, checked the morphogenesis of the cell in high concentrations and had no effect in low concentrations. But, in intermediate concentrations which were relatively low, they accelerated the morphogenesis of the cell. In the cases of lysine and phenylalanine, concentration accelerating morphogenesis was never found.
The critical /concentrations of the amino acids above which the cell could not perform its morphogenetic development and the ranges of concentration in which the morphogenesis of the cell was promoted are as follows, the latter being in parentheses: arginine, 600 mg./l. (60-180 mg./1.) ; aspartic acid, 800 (40-160) ; cystine, 450
(120-220) ; glutamic acid, 1100 (100-160) ; histidine, 600 (160-280) ; isoleucine, 800
(120-180) ; leucine, 1200 (80-250) ; lysine, 400 (no promotion) ; methionine, 1000 (120-280) ; phenylalanine, 500 (no promotion) ; tyrosine, 800 (80-240)
Below these concentration ranges accelerating the morphogenesis of the materials was not different from the one in control. The results with the optimum concentration of each amino acid for morphogenesis are summarized in Table 1 . According to the results, leucine, methionine, arginine, aspartic acid and glutamic acid exerted a more favorable effect on morphogenesis than the other amino acids. Table 1 . Effect of amino acids in appropriate concentrations on the morphogenesis of the cell.
Effect of adenylic acid
The effects. of adenylic acid on the morphogenesis of the cell are shown in Table 2 .
As illustrated in this table, the maximum positive effect of adenylic acid was given at 5 x 10-~ M. Noticeably, adenylic acid in appropriate concentrations is favorable for shooting and rhizoid formation rather than for elongation of the shoot and rhizoids.
Effect of colchicine
The effects of colchicine upon 
Discussion
Colchicine arrests the mitotic process chiefly in the metaphase by causing failure of the mitotic spindle to form and function (Ludford, 1936) 4). Kato (1955)5) described that the Equisetum spore cultured on a medium containing a large quantity of colchicine develops into a giant globe of about 10 to 15 times its normal volume, cell division being perfectly inhibited, and that cell-differentiation does not eventually occur. And he postulated that colchicine acts not . only as a polyploid inducer, but also as an effective modifier of rhizoid-differentiation and morphogenesis. But, later, he (1957)6) observed in Dryopteris spore that the rhizoids are always capable of differentiating, even in higher concentrations of colchicine, and the rhizoidal protonema occurs in a high frequency. In the present work using Nitella cell, which is a coenocyte, colchicine in appropriate concentrations exerted no effect on shooting and rhizoid formation but it slightly promoted the elongation of both a new shoot and rhizoids.
Kato (1957)7) tested sodium adenosine triphosphate and adenylic acid in order to induce the division of rhizoidal nucleus of Dryopteris. He frequently observed amitotic figures and dumbbell-shaped nuclei there but he never found a rhizoid haying tw9 Table 4 . Sawada (1958) 12' found the following phenomena:
The pollen grain of Paris does not germinate on the sugar agar medium, but adding aspartic acid, glutamic acid, histidine or cysteine to the culture medium, the pollen grain is enabled to germinate readily. The germination of the pollen grain of Oryza was markedly stimulated when arginine, valine or alanine was added to the medium.
As shown in Table 1 , the morphogesis of the cell of Nitella was certainly accelerated by application of most amino acids so far used. And above all, leucine, methionine, glutamic acid, aspartic acid and arginine were favorable for the morphogenesis of the cell.
Summary
The morphogenesis of the isolated internodal cell of Nitella fiexilis cultured in vitro was promoted by application of adenylic acid, gibberellin and most amino acids, e. g., leucine, methionine, glutamic acid, aspartic acid and arginine in appropriate concentrations. Amino acids had a positive effect on the formation and the elongation of both the shoot and rhizoid. Adenylic acid was favorable for shoot and rhizoid formation.
Gibberellin was suitable for the elongation of the shoot.
Colchicine exerted no effect on formation of shoot and rhizoid at whatever concentrations, but it could accelerate the elongation of both the shoot and rhizoid already formed.
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